Developmental adaptations due to early nutritional exposures may have permanent health consequences. Studies of diet and fetal size have mainly focused on individual nutrients despite evidence that the pattern of food consumption may be of significance. Hence, we evaluated the associations of dietary habits in early pregnancy (gestational age , 18 weeks) with fetal size, uteroplacental vascular resistance, placental weight and birth weight in a prospective observational study of 3207 Caucasian pregnant mothers in Rotterdam, the Netherlands. Participants completed a semiquantitative FFQ during early pregnancy. Logistic regression analysis was used to predict the occurrence of intra-uterine growth retardation at birth as a function of food intake. The derived solution was considered as the dietary pattern. As it was characterised by higher intakes of fruit, vegetables, vegetable oil, fish, pasta and rice, and lower intakes of meat, potatoes and fatty sauces, it was labelled the 'Mediterranean' diet. The degree of adherence to the diet was positively associated with plasma folate and serum vitamin B 12 concentrations and showed an inverse relationship with homocysteine and high-sensitivity C-reactive protein plasma concentrations (P , 0·05). Important fetal size and placental parameters were associated with the degree of adherence to the diet, revealing a 72 g lower birth weight (95 % CI 2 110·8, 233·3) and a 15 g lower placental weight (95 % CI 2 29·8, 2 0·2) for women with low adherence to the diet. To conclude, low adherence to a Mediterranean diet in early pregnancy seems associated with decreased intra-uterine size with a lower placental and a lower birth weight.
Fetal growth is an important determinant of future health and development. Increasing evidence suggests that environmental exposures, acting at different stages of fetal development, can cause permanent developmental adaptations that may affect the physiology of various organ systems, leading to fetal growth retardation and increased risk of chronic diseases in later life (1, 2) . Maternal nutrition has been recognised as one of the most important extraneous stimuli influencing fetal growth and development. During the past years, the identification of dietary patterns through data-driven methods has increasingly gained interest. The first studies have shown significant associations between dietary patterns and pregnancy complications (3 -5) . In this respect, dietary patterns have also been related to biomarker concentrations in blood that are known to be important intermediates for placental and fetal growth and development, including folate and high-sensitivity C-reactive protein (Hs-CRP) (3, 6) . Except for one study on birth weight, used as proxy for fetal growth, we are unaware of studies investigating the relationship between dietary intake in early pregnancy and growth adaptations during fetal life (7) . Therefore, we aimed to examine the associations of maternal diet with uteroplacental vascular resistance, placental weight, fetal size and birth weight.
Methods

Subjects
The present study was embedded in the Generation R Study, a population-based cohort study, from early pregnancy onwards (8, 9) . Between 2001 and 2006, pregnant women living in Rotterdam, the Netherlands were invited to take part in the study. The present analysis was restricted to prenatally enrolled Dutch women with a spontaneously conceived live-born singleton pregnancy (n 3207; Fig. 1 ). The study was conducted following the World Medical Association Declaration of Helsinki (10) . Approval was obtained from the Medical Ethics Committee of the Erasmus Medical Center Rotterdam, the Netherlands. Every participant provided written informed consent.
Dietary assessment
Nutritional intake was assessed at enrolment (median 13·5 (interquartile range 3·4) weeks) using a modified version of the validated semiquantitative FFQ of Klipstein-Grobusch et al. (11) . This FFQ covers food intake over the preceding 3 months. The FFQ consists of 293 items structured to meal pattern. Questions included consumption frequency, portion size preparation method and additions. Portion sizes were estimated using household measures and photographs (12) . To calculate the average daily nutritional values, the Dutch Food Composition Table 2006 was used (13) .
Fetal and placental parameters
Fetal ultrasound measurements plus medical records were used to obtain information about the outcome variables: fetal size until birth, placental weight, placental resistance and birth weight. Ultrasound measurements were used to establish gestational age in early pregnancy (gestational age , 18 weeks) and to assess fetal biometry, including head circumference, abdominal circumference, femur length and estimated fetal weight in mid-pregnancy (gestational age 18 -25 weeks) and late pregnancy (gestational age $ 25 weeks). As described previously, these ultrasound measurements were used to construct growth charts and gestational age-adjusted standard deviation scores (SDS) (14) . The intraand inter-observer reproducibility scores of the ultrasound measurements have also been described before (15) . Using these growth charts, we defined intra-uterine growth restriction (IUGR) as a gestational age-adjusted birth weight below percentile-2·3 in the study cohort (SDS , 22·0). Finally, uteroplacental resistance, measured by colour Doppler, was assessed by the Umbilical artery pulsatility index and the Uterine artery resistance index in late pregnancy.
Biochemical analysis
In early pregnancy, venous blood serum and plasma samples were drawn and stored at 2 808C (8) . Plasma folate, homocysteine (tHcy) and Hs-CRP, and serum vitamin B 12 concentrations were analysed using a microparticle-enhanced immunoassay on the Architect system (Abbott Diagnostics B.V.) at the Department of Clinical Chemistry of the Erasmus Medical Center Rotterdam in 2008. The between-run CV were 8·9 % at 5·6 nmol/l, 2·5 % at 16·6 nmol/l and 1·5 % at 33·6 nmol/l (folate); 3·1 % at 7·6 mmol/l, 3·1 % at 13·7 mmol/l and 2·1 % at 26·1 mmol/l (tHcy); 0·9 % at 12·8 mg/l and 1·3 % at 39·3 mg/l (Hs-CRP); and lastly, 3·6 % at 148 pmol/l, 2·7 % at 295 pmol/l and 3·1 % at 590 pmol/l (vitamin B 12 ). Biomarker concentrations were available in 78 % of the study population (n 2519). No differences in nutritional intake were observed between women with and without biomarker concentrations (P ¼ 0·76).
Assessment of other variables
Data on maternal age, education, parity, periconception folic acid use, vomiting during the first trimester and maternal comorbidity (defined as the occurrence of chronic hypertension/heart disease/diabetes/high cholesterol/thyroid disease/ systemic lupus erythematosus) were available from a questionnaire administered in the first trimester. Education was assessed by the highest completed education of the mother and classified as (1) low education; (2) middle education; (3) high education (16) . Information on smoking was obtained by self-administered questionnaires sent in the first, second and third trimesters. Smoking at enrolment was assessed in the first questionnaire by asking each mother whether she smoked during pregnancy (no smoking; first trimester only smoking; still smoking). This questionnaire was sent to all mothers, regardless of the gestational age at enrolment. To assess smoking habits in the second and third trimesters, the mothers were asked whether they smoked during the past 2 months (yes/no), in the second and third questionnaires. Mothers who reported in the first questionnaire that they smoked in the first trimester only, but still reported smoking in the second or third questionnaire, were reclassified into the 'continued smoking' category. The same strategy was used for mothers who reported no smoking in the first questionnaire, but reported smoking in the second or third n 3207 eligible for present study n 256 excluded because of fertility treatment, twin pregnancy, termination of pregnancy, intra-uterine fetal death, loss to follow-up n 8880 enrolled during the prenatal phase of Generation R Study n 4057 Dutch ethnicity n 3733 filled out FFQ before 24 weeks gestation n 270 excluded due to incompleteness of FFQ 
r, Spearman's rank correlation coefficient. * Median daily intake in g/d adjusted for energy intake.
questionnaire (17) . At enrolment, maternal height and weight were measured to calculate BMI (kg/m 2 ). Information on fertility treatment, sex of infant and pregnancy outcome was obtained from midwives and obstetricians.
Statistical analysis
Logistic regression analysis was used to predict the occurrence of IUGR (yes/no (0/1)) as a function of food intake. To arrive at the logistic regression solution, the 293 food items were first reduced to twenty-one predefined food groups (3) . Subsequently, since food consumption is usually highly correlated, we calculated energy-adjusted food group intakes using the regression residual method (18) . Then, logistic regression analysis was performed to identify the dietary pattern predicting IUGR. In this study, the probability for IUGR seemed to express adherence to a Mediterranean-like diet. Hence, here we call the logistic regression solution: Table 2 . Baseline characteristics* (Mean values and standard deviations; medians and interquartile ranges; percentages)
Mediterranean diet
Low adherence (n 1070)
Medium adherence (n 1068) High adherence (n 1069) P
IUGR, intra-uterine growth restriction; PI, pulsatility index; RI, resistance index. * ANOVA and x 2 test tested overall differences in baseline characteristics between the three dietary pattern categories.
'adherence to the Mediterranean diet'. For reasons of interpretability, all women were categorised into equal tertiles based on their probability score for the diet, namely: (1) low adherence; (2) medium adherence; (3) high adherence. To test differences in baseline characteristics between the three diet adherence categories, the ANOVA and x 2 test were used.
We assumed that nutrition affects growth processes underlying IUGR in a comparable manner as fetal and placental growth. Therefore, linear regression was used to assess cross-sectional differences between the diet adherence categories in (1) fetal size characteristics and (2) placental parameters. In the multiple regression analyses, the inclusion of confounding variables was based on earlier literature, and determined a priori. These were maternal age, parity, education, height, weight, smoking, folic acid use, vomiting, comorbidity, sex and gestational age. Potential confounders were selected if the effect estimates changed $ 10 % in exploratory analyses. By using this approach, vomiting and comorbidity were not included into the final multiple analyses. Missing data on the missing covariables BMI (0·4 %), educational level (0·5 %), parity (0·1 %), smoking (6·7 %), folic acid use (16·7 %), vomiting (7·2 %) and comorbidity (6·4 %) were completed using the Markov Chain Monte Carlo multiple imputation technique (19) . Overall, five completed data sets were created. Subsequently, multiple regression analyses were performed separately on each completed data set and thereafter combined to one pooled estimate (20) . Lastly, effect modification was tested by multiplying the personal diet scores with the covariables educational level, parity, smoking, BMI and periconception folic acid use. If P,0·10 was fulfilled, then multiple linear regression analyses were performed in the strata of that specific determinant.
The statistical software package SPSS 17.0 (SPSS, Inc.) was used for data analyses.
Results
The identified Mediterranean diet was characterised by higher intakes of pasta, rice, vegetable oils, fish, vegetables and alcohol, and lower intakes of meat, potatoes and fatty sauces (r $ 0·20; Table 1 ).
Maternal characteristics associated with low adherence to the diet were younger maternal age, higher BMI, lower educational level, a lower frequency of folic acid use, and continued smoking (Table 2) .
Lower folate and vitamin B 12 concentrations were observed among women with low adherence to the diet (Table 3) . Low adherence was also associated with higher tHcy and Hs-CRP concentrations. Compared to women with high adherence, women with a low adherence had a higher percentage of energy derived from fat and a lower ratio of unsaturated-tosaturated lipids. These women also consumed relatively 
tHcy, homocysteine; Hs-CRP, high-sensitivity C-reactive protein.
* Adjusted for energy intake. Low adherence to the Mediterranean diet was associated with a 15 g lower placental weight compared to women with high adherence to the diet (95 % CI 229·8, 20·2; Table 4) . A similar trend with respect to uteroplacental vascular resistance was observed (per unit (factor score) change: 20·28 pulsatility index change (95 % CI 2 0·46, 20·10).
Low adherence to the Mediterranean diet was associated with smaller abdominal circumference in late pregnancy (difference in SDS ¼ 20·16, 95 % CI 20·25, 20·07; Table 5 ). A similar, but not significantly, trend towards a smaller head circumference in late pregnancy was also observed for women with a low adherence (difference in SDS ¼ 20·08, 95 % CI 2 0·17, 0·01). Table 5 and Fig. 2 show the differences in the SDS of estimated fetal weight and birth weight between the three diet categories. Low adherence to the Mediterranean diet was associated with reduced fetal size from late-pregnancy onwards (difference in SDS at 30 weeks ¼ 2 0·11, 95 % CI 2 0·20, 2 0·02). This difference became more pronounced at birth, revealing a 72 g lower birth weight in infants of women with low adherence to the Mediterranean diet (difference in grams at birth ¼ 272·0, 95 % CI 2110·8, 2 33·3) and difference in SDS at birth ¼ 20·21, 95 % CI 20·30, 2 0·12). Medium adherence was also significantly associated with reduced birth weight (difference in grams at birth ¼ 2 58·0, 95 % CI 2 95·8, 220·3) and difference in SDS at birth ¼ 20·16, 95 % CI 2 0·24, 2 0·07). These values are adjusted for potential confounders.
Educational level and smoking modified the associations between the Mediterranean diet and birth weight (both interaction terms P , 0·10). Compared to high-educated women with high adherence, low adherence to the diet was associated with a 131 g lower birth weight (95 % CI 2180·9, 2 81·2) among middle-educated women, and a 160 g lower birth weight among low-educated women (95 % CI 2271·4, 2 50·2; Fig. 3 ). Compared to non-smoking women with high adherence to the Mediterranean diet, smoking during pregnancy combined with high adherence was associated with a 66 g lower birth weight (95 % CI 2 130·6, 22·5). In contrast, birth weight was approximately 214 g lower in women who continued to smoke during pregnancy with low adherence to the diet (95 % CI 2 269·3, 2159·6). No further significant effect of modification on the additive scale was observed for parity, BMI and folic acid use (all interaction terms P . 0·10).
Discussion
To our knowledge, this is one of the first studies to examine the relationship between dietary habits in early pregnancy and fetal and placental growth during intra-uterine life. Degree of adherence to a Mediterranean-like diet is significantly associated with intra-uterine growth parameters revealing a higher birth weight and placental weight for women with strong adherence to the diet.
The use of dietary pattern analysis has been commonly accepted as it provides essential and complementary insights into overall dietary behaviour. The major challenge remains to establish a quantitative method to identify eating patterns that are associated with disease risk. First, similar to the conventional principal component factor extraction technique, logistic regression is an alternative method to extract directions, i.e. combinations of variables. However, in logistic regression analysis, the directions are selected based on their ability to predict a binary response variable (21) . Multicollinearity is not considered as a threat to the validity of the solution because here, only mild correlations were observed between the food groups (range of variance inflation factors 1·03-2·03). Second, as we only used the method to predict, it is highly unlikely that this will have caused a problem. Also, the results were cross-validated within a random subgroup Values reflect the differences in gestational age-adjusted standard deviation scores of estimated fetal weight/birth weight in mid-pregnancy (n 3133 measurements), and late pregnancy (n 3121 measurements), and at birth (n 3195 measurements) for fetuses/infants of women with low or medium adherence to the Mediterranean diet, relative to fetuses of women with high adherence (reference). All presented values are adjusted for maternal age, height, weight, parity, sex, education, smoking, and folic acid use providing comparable solutions. Next, the addition or deletion of one or two food groups did not affect the general pattern of findings much. Nevertheless, we also performed a conventional principal component analysis that resulted in eight relevant factors of which the first factor, showing the best similarities with the dietary pattern identified with the logistic regression solution, was associated with IUGR with an OR of 0·829 (95 % CI 0·731, 0·941). The correlation between this first factor and the score from the logistic regression solution was r 20·38. (Table S1 , supplementary material for this article can be found at http://www.journals.cambridge.org/bjn). As the outcome (IUGR) was dichotomous (yes/no (0/1)), reduced rank regression was not applied since this method is used for multiple continuous outcomes.
Nutritional studies are always prone to some bias, including imprecise measurement of nutritional intake. Several studies compared the results of dietary pattern analysis using FFQ with those using weighted dietary records, and observed no differences (22) . Moreover, in prospective studies, with the exposure measured before occurrence of the outcome, imprecise measurement of nutritional intake is likely to be random. Another limitation is the potential for residual confounding. Although we attempted to account for this by restricting to an ethnic homogeneous population and by controlling for a large number of confounders, we cannot rule out that residual confounding occured (23) . Thus, our findings should be viewed with care. Lastly, nutritional intake was assessed in early pregnancy because of evidence that the trajectory of fetal growth and development is set at this stage (1, 2) . It could be argued that nutritional intake differs throughout pregnancy. However, Cucó et al. (24) investigated dietary patterns during different pregnancy periods and observed no significant differences over time.
Over the past years, the Mediterranean diet has gained considerable attention for its positive health effects. There is no single Mediterranean diet. However, dietary patterns that prevail in the Mediterranean region share common characteristics including high intakes of vegetables and vegetables oil, moderate amounts of fish, poultry and alcohol, and relatively low consumptions of meat (25) . Adherence to the Mediterranean-like diet in our study was reflected by relatively high amounts of vegetable protein, carbohydrate polymers, fibre, and a favourable ratio of unsaturated:saturated lipids. Increasing concentrations of the biomarkers folate and vitamin B 12 , and decreasing tHcy concentrations further validated adherence to the diet (26) . These biomarker concentrations partly represent a mother's dietary intake as they also depend on lifestyle, genetic factors, and endocrine-and metabolic functions (23) . The B-vitamins folate and vitamin B 12 serve as substrates and cofactors in several pathways of cellular processes, including cell multiplication, apoptosis and intracellular signalling (27) . These processes can also be affected by saturated fats, trans-fatty acids and cholesterol (28) . For this reason, adherence to a dietary pattern characterised by relatively high concentrations of these B-vitamins and a favourable lipid profile is likely to influence intra-uterine growth. The results of this study are comparable with our previous findings on folic acid use in relation to infant low birth weight (29) . The results are further supported by another study showing that the use of a dietary pattern rich in vegetables, fruit, poultry and fish was associated with a 25 % reduced risk of IUGR, as compared to a dietary pattern rich in meat, dairy products, snacks and potatoes (7) . It is noteworthy that this latter study primarily focused on birth weight as a proxy for fetal growth. Yet, birth weight is the end-point of different growth patterns determined by multiple constitutional and environmental factors. Studying fetal size trajectories may better distinguish growth-restricted from constitutionally small infants.
Both restricted and accelerated fetal growth have been linked with alterations in placental development and function (30) . In the present study, women with low adherence to the Mediterranean diet did not only have smaller placentas but also tended towards higher uteroplacental vascular resistance. This seems biologically plausible since early placentation is characterised by vascular remodelling, increased inflammation, oxidative stress and rapid cell division (31, 32) .
In both pregnant and non-pregnant populations, these processes have been linked to nutrients associated with the Mediterranean dietary pattern, including folate, n-3 fatty acids and antioxidant vitamins (6, 33) . Moreover, comparable dietary patterns have been demonstrated to reduce markers of inflammation and endothelial dysfunction, including C-reactive protein and E-selectin (6, 33, 34) . Low concentrations of antioxidant vitamins, Mg and fibre may underlie these biological processes.
The Mediterranean diet is an important source of methyl donors. Differences in quantitative methylation may affect genes implicated in placental and fetal size. Our results might also suggest that fetal and placental programming can be affected by use of the Mediterranean dietary pattern in early pregnancy (2) . This is supported by recent findings that periconception folic acid use is associated with epigenetic changes in the insulin-like growth factor 2 gene in the child, thereby potentially affecting intra-uterine programming (35) . This could also apply to our results, suggesting that maternal diet may cause epigenetic modifications in the embryo, resulting in altered growth patterns. However, at this moment, these underlying mechanisms are just starting to be explored in humans.
Finally, the association between the degree of adherence to the Mediterranean diet and birth weight differed according to educational level. The relationship between socio-economic status and birth weight has been well established (23, 36) . In general, low-educated women practise a less healthy lifestyle (37) . It is conceivable that poor dietary habits of low-educated women exacerbated the potential harmful effects of other unhealthy behaviours on fetal size. In this respect, we also reported on the modifying effect of smoking in this study sample. Previously, Jaddoe et al. (17) showed that smoking during pregnancy impaired fetal size. Smoking during pregnancy has also been reported to induce morphological and functional changes in the placenta leading to a reduction in fetal -placental blood flow (38) . We recently observed that smoking modified the effect of folic acid use on first trimester growth (39) . This could suggest a significant role for folate in our observed associations.
In conclusion, the degree of adherence to the Mediterranean diet is associated with several features of intra-uterine growth resulting in a lower placental weight and a lower birth weight for women with a low adherence. These results substantiate the importance of the Mediterranean diet and suggest the need for more attention and awareness in pregnancy. Further research is warranted to study the effects of dietary patterns and their interference on underlying epigenetic mechanisms and subsequent consequences for postnatal growth and future health.
